




















1964 – Lack of acceptance bordering on hostility

■  DSMC was an heuristic method that did not provide a solution 
to any equation, and certainly not of the Boltzmann equation.

■  DSMC was too expensive and provided noisy results.

●  DSMC provided results for contentious problems that were 
later verified by experimental studies.

●  The DSMC procedures were shown to be consistent with the 
derivation of the Boltzmann equations.

●  The procedures and molecular models were gradually 
improved and the “user community” grew to a significant size.

●  Idealized DSMC procedures were shown to provide a solution 
of the Boltzmann eqation.

●  DSMC was shown, in some dense gas cases, to go beyond the 
Boltzmann model.

2003–”DSMC is a solution of the Boltzmann equation”



 

From:  Computational Gasdynamics           
C.B. Laney (Cambridge Univ. Press) 

 
The need for free and low-cost CFD software is greater
than ever. Commercial CFD software costs an enormous
amount - $25,000 for a one-year lease for a single
computer is typical. 
 
Full-blown CFD software, free or not, typically requires
new users to invest weeks or months to fully understand
and use it properly. You should have a basis for confidence
in a given code before making such a committment. 
 
CFD codes will give an answer to most problems when
consistently and properly posed, but they require patience,
practice, and expertise to produce a reasonable answer. 



“A mathematician is a person who is more interested in the 
equations than in the flow.” (anon, circa 1950)

CFD appears, almost by definition, to be concerned only with 
the Navier-Stokes equations.

From the physical point of view, the derivation of the 
equations is more instructive than the form of the equations.

A gas is comprised of molecules and particle based methods 
should always be better than methods that assume the gas 
to be a continuous medium. The transport terms in the N-S 
equations are incomplete approximations.

If computers were faster by 20 orders of magnitude, Navier-
Stokes based CFD would be obsolete. 

Direct simulation methods are best developed for particle 
systems without reference to mathematical models such as 
the Boltzmann equation.

(Please write down the Boltzmann equation for a chemically 
reacting gas with line radiation and selective absorption!)



Simulation is unsteady and allows event-driven processes.

e.g. quantum vibration model with dissociation and radiation
In a collision with relative translational energy εt a molecule in 
vibrational state i  has energy  εv=i k Θv  and the normalized 
probability of a post-collision vibrational state i*  is

P/Pmax = [1 - i*k Θv / (εt+εv) ] 3/2 – ω ,

where k is the Boltzmann consant, Θv is the characteristic 
vibrational temperature, and ω is the viscosity-temperature 
index. The state i  is stored for each vibrational mode of every 
molecule and the vibrational temperature of a mode is

Tvib= Θv / ln ( 1 + 1 / <i > ) ,

while the effective number of degrees of freedom of the mode is

ςvib = 2 <i > ln ( 1 + 1 / <i > ) .

Dissociation occurs if i* is the state that leads to dissociation.  
The vibrational relaxation rate then sets the dissociation rate.

The Einstein coefficients set the probability of each bound-to-
bound radiative transition over any time interval.


